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1.

Introduction
Prostate cancer (pCA) is one of the most common male cancers in the Western world [1] . Currently, early detection of pCA relies primarily on an abnormal digital rectal examination (DRE) and an elevated prostate-specific antigen (PSA) level leading to a prostate biopsy. However, because of low positive predictive values, up to 75% of men with PSA values in the 2.5-10-ng/ml range and/or suspicious DRE have a negative first biopsy. Further, 10-35% of these men have pCA detected on repeat biopsy [2, 3] . In men with a negative first biopsy but persistent suspicion of pCA, the European Association of Urology (EAU) guidelines recommend a repeat biopsy [4] . However, in approximately 80% of men, these repeat biopsies are negative. Not only economic aspects but also anxiety, discomfort, and sometimes severe complications are associated with prostate biopsies [2, 3] . Thus, there is a need for additional tests to increase the probability of detecting pCA at repeat biopsy and reduce the number of unnecessary biopsies. In this respect, the Prostate CAncer gene 3 (PCA3) assay, a new pCA gene-based marker, has shown promising results. The PCA3 gene is highly overexpressed (median: 66-fold) in >95% of malignant (ie, tumour or metastatic) prostate tissue compared to benign and normal prostate tissue [5] [6] [7] [8] . The PROGENSA PCA3 assay measures PCA3 and PSA mRNA concentrations in post-DRE urine [9] . In a study of 226 American men with PSA values !2.5 ng/ml and !1 negative biopsy, the PCA3 score increased with the probability of a positive repeat biopsy [10] . PCA3 was superior to PSA for pCA detection at repeat biopsy. A PCA3 score of 35 provided a specificity of 72% and a sensitivity of 58%. The primary objective of this study is to determine the performance characteristics and clinical utility of the PCA3 assay in detecting pCA at repeat biopsy in European men.
Methods
Study design
This was a prospective, multinational, multicentre European study. Men with one or two previous negative prostate biopsies (!6 cores performed at !3 mo prior to enrolment) scheduled for repeat biopsy were enrolled in six European centres. The respective Independent Ethics Committees (IECs) approved the study protocol, and informed consent was obtained. Men with more than two previous negative biopsies receiving medical therapy known to affect serum PSA with symptoms of urinary tract infection (UTI) and a history of pCA or invasive treatment for benign prostatic hyperplasia (BPH) were excluded. Men with high-grade prostate intraepithelial neoplasia (HGPIN) or atypical small acinar proliferation (ASAP) at prior biopsy were classified as negative for pCA and included in the study.
Specimen collection, processing, and PCA3 assay procedure
Blood and urine specimens were collected between August 2006 and July 2007 immediately before repeat biopsy. Total and free PSA (fPSA) were assessed simultaneously at each participating site. First-catch urine samples were collected following an attentive DRE (three strokes per lobe) as described by Groskopf et al [9] . The urine sample was processed and tested to quantify PCA3 and PSA mRNA concentrations using the PROGENSA PCA3 assay [9] . Operators performing the PCA3 assay were unaware of the subject's clinical status. The PCA3 score was calculated as [PCA3 mRNA]/[PSA mRNA] Â 1000. At least 10 standardized peripheral zone biopsy cores were taken by an experienced physician. The specimens were evaluated by the pathologist at each site.
Statistical analyses
A sample size of 97 evaluable subjects with positive biopsy results and 73 evaluable subjects with negative biopsy results was required to demonstrate a sensitivity of 50% and a specificity of 75% within a AE10% confidence interval (CI) width (2-sided) at a 0.05 significance level [10] . Assuming that pCA was detected in 15% of the study population and 10% of the subjects were nonevaluable, approximately 730 subjects had to be enrolled; however, an interim analysis performed in February 2007 showed that the pCA detection rate was 25%. When maintaining the other assumptions, this would mean that a total of 432 subjects needed to be enrolled. The performance of the PCA3 assay was evaluated in terms of sensitivity and specificity by comparing the PCA3 score to biopsy results. The diagnostic accuracy of the PCA3 assay was compared to that of percent of free PSA (%fPSA), which was chosen as a comparator because the majority of men had a serum PSA of 4-10 ng/ml, in which range the use of %fPSA improves the specificity of PSA for pCA detection [11, 12] . Performance analyses of the PCA3 assay were also conducted by number of previous biopsies and total PSA ranges. The relationship between PCA3 score and prostate volume, clinical stage, Gleason sum score, significant versus indolent pCA, and no HGPIN versus HGPIN at repeat biopsy were also assessed. Indolent pCA was defined according to the Epstein criteria as clinical stage T1c, PSA density (PSAD) <0.15 ng/ml, Gleason score in biopsy 6, and percent of positive cores 33% [13, 14] . The Epstein criteria use the parameter ''number of positive cores <3''; however, this is based on a six-core biopsy. We applied the parameter ''percent of positive cores 33%,'' as this is appropriate with biopsy schemes sampling more than six cores. The nonparametric Wilcoxon rank sum test or the Kruskal-Wallis test was used to assess significance levels. Pearson correlation coefficients examined the relationship between the PCA3 score and prostate volume or PSA level. The nonparametric method of DeLong was used to compare the area under the curves (AUC) of the receiver operating characteristics (ROC) of the PCA3 score to %fPSA.
Uni-and multivariable logistic regression models to predict the presence of pCA at repeat biopsy were fitted using DRE, total PSA, %fPSA, prostate volume, and PCA3 score. Bootstrapcorrected accuracy was quantified using AUC estimates in models with and without the PCA3 score. PCA3 was coded as a cubic spline to allow nonlinear effects and to obviate the limitations associated with the use of categorical cut-offs. Differences in predictive accuracy were compared using the Mantel-Haenszel test.
Results
Informative rate
Among 470 subjects, a total of 467 urine samples (99.4%) had adequate concentrations of PCA3 and PSA mRNA to calculate the PCA3 score.
Study population
Of 467 men with a PCA3 score, 463 had conclusive biopsy results, and 128 (28%) had cancer on repeat biopsy (Table 1) . Men with a positive biopsy had a statistically significant higher age, higher total PSA, lower prostate volume, more often a suspicious DRE, and a higher mean PCA3 score than men with a negative biopsy. Men with a positive biopsy had clinical stage T1c and T2 in 67% and 26% of cases, respectively; 92% had a biopsy Gleason score of 6-7; and 78% had 33% of the total number of cores positive for cancer.
PCA3 score
An increasing PCA3 score corresponded with an increasing probability of a positive repeat biopsy ( Fig. 1 ). Men with a PCA3 score !35 had a 39% probability of a positive repeat biopsy compared to a 22% probability in men with a PCA3 score <35 ( p = 0.0001, Pearson's x 2 test). The mean PCA3 score e u r o p e a n u r o l o g y 5 4 ( 2 0 0 8 ) The AUC ROC was 0.658 for the PCA3 score and 0.578 for %fPSA ( p = 0.0804). The performance characteristics at different PCA3 score cut-off points are presented in Table 2 . The PCA3 score cut-off of 35 provided the optimal balance between sensitivity (47%) and specificity (72%). In comparison, the specificity of %fPSA (cut-off 25%) was 23%. At a sensitivity of 80%, the PCA3 score specificity of 46% was higher than the 27% for %fPSA. The same applied for a sensitivity of 90%: The specificity was 25% for the PCA3 score compared with 16% for %fPSA.
3.4.
Impact of clinical variables on PCA3 score
Number of previous biopsies
The performance of the PCA3 score was comparable in men with one or two previous negative biopsies (Fig. 2) . The mean/median PCA3 score was similar in both groups (39.5:23.6 vs 50.4:24.9, p = 0.3622), respectively. The sensitivity and specificity of the PCA3 score at a cut-off of 35 in men with one versus two previous negative biopsies was comparable with 46% versus 50% for sensitivity and 73% versus 70% for specificity.
Age
The PCA3 assay had similar performance characteristics in younger (<65 yr) and older men (!65 yr): AUC ROC 0.634 versus 0.639, respectively.
3.4.3. Prostate volume and total PSA Fig. 3 shows the relationship between prostate volume and PCA3 score or total PSA. Men with a higher prostate volume had higher levels of total PSA (Fig. 3a) . In contrast, the mean PCA3 score was independent of prostate volume (Fig. 3b ) and total PSA (Fig. 4 and Table 3 ). The Pearson correlation coefficient confirmed the lack of relationship between PCA3 score and prostate volume (r = 0.03547, p = 0.4549). The small correlation coefficient (r = 0.10235, p = 0.0285) showed that the relationship between PCA3 score and total PSA is very weak. Men with clinical stage T2 had a statistically significantly higher mean PCA3 score than men with clinical stage T1c (Table 4) . Similarly, the mean PCA3 score was significantly higher in Gleason score !7 versus Gleason score <7 cancers, 72 of 87 (83%) men with complete data had ''significant'' pCA. In these men, the mean PCA3 score was significantly higher than in men with ''indolent'' pCA.
HGPIN
When comparing the mean PCA3 score in men with HGPIN (n = 106) and without HGPIN (n = 357) before enrolment, men with HGPIN had a statistically significantly ( p = 0.0094) higher mean PCA3 score (49.3; 95% CI, 39.0-59.6) than men without HGPIN (41.5; 95% CI, 33.5-49.6). Similarly, in men with a negative biopsy during the study, those with HGPIN had statistically significantly higher mean PCA3 scores (47.9; 95% CI, 36.1-59.8) than those without (31.8; 95% CI, 24.0-39.7, p = 0.016). Of 94 men with a PCA3 score !35 who had a negative biopsy, 34 men (36%) had HGPIN on biopsy. 
3.5.
Uni-and multivariable analysis Table 5 shows that the PCA3 score represented a statistically significant and independent predictor of pCA at repeat biopsy ( p 0.006). In addition, the PCA3 score represented the most informative univariable predictor and was capable of increasing predictive accuracy in multivariable models by 4.2%, which was highly significant ( p < 0.001).
Potential reduction in number of biopsies versus characteristics of missed pCA
At a PCA3 cut-off of 20, a 44% reduction of repeat biopsies could be achieved, while 11 biopsy Gleason score 7 and one Gleason score 8 pCA would have been missed (Table 6 ). Of these, two were clinical stage T2, and one had !33% of cores positive for cancer. At a PCA3 score cut-off of 35, 67% of biopsies could have been avoided, while 24 cancers with a Gleason score of 7, two with a Gleason score of 8, and one with a Gleason score of 9 would have been missed. A total of seven of these were stage T2. In five cases, the percentage of positive biopsy cores was !33%. 
4.
Discussion
This study investigated the PCA3 assay as a diagnostic tool to aid in the decision to perform repeat biopsy in men with one or two previous negative biopsies. The informative rate was >99%, showing that the specimen-collection procedure is robust. The performance characteristics of the PCA3 assay in this European study are comparable to those of a North American PCA3 repeat biopsy study Abbreviations: PCA3, Prostate CAncer gene 3; PA, predictive accuracy; OR, odds ratio; PSA, prostate-specific antigen; %fPSA, % free PSA; DRE, digital rectal examination. * Coded as cubic spline to allow nonlinear effects. e u r o p e a n u r o l o g y 5 4 ( 2 0 0 8 ) 1 0 8 1 -1 0 8 8 involving 233 men with elevated serum PSA levels and at least one previous negative biopsy [10] . In both studies, the probability of a positive repeat biopsy increased with higher PCA3 scores; the PCA3 score cut-off of 35 provided the optimal balance between sensitivity and specificity, with a specificity of 72% for pCA detection. In this study, the PCA3 score (cut-off 35) had a better diagnostic accuracy than %fPSA (cut-off 25%) for predicting repeat biopsy outcome. Furthermore, the diagnostic accuracy of the PCA3 score was not affected by age, number of previous negative biopsies, different total PSA ranges, or prostate volume, which is consistent with results in 570 North American men scheduled for (first or repeat) biopsy [15] . This study demonstrates for the first time that the PCA3 score was significantly higher in men with clinical stage T2, biopsy Gleason score !7, and ''significant'' pCA compared to men with clinical stage T1, biopsy Gleason score <7, and ''indolent'' pCA. This may indicate that the PCA3 score is indicative of the clinical stage and aggressiveness of pCA. It was also recently shown that the PCA3 score is associated with tumour volume and Gleason score in prostatectomy samples [16] . Although this should be further evaluated, these data suggest that the PCA3 score may also be used to select those patients who are candidates for active surveillance.
It has been previously shown that HGPIN is associated with an increased risk of pCA at repeat biopsy [17] [18] [19] . Here, the PCA3 score in men with a negative biopsy was significantly higher in those with than without HGPIN, suggesting that the PCA3 score identifies men at risk of developing pCA. In addition, a recent study demonstrated that PCA3 mRNA is expressed by >90% of HGPIN tissue [20] . Further prospective studies should evaluate whether the PCA3 score may be used to monitor men with chronically elevated serum PSA levels at regular intervals for the development of clinically significant pCA.
The repeat biopsy was positive in 28% of men. This is at the high range of previously reported data (10-35%) [2, 3, 10] but similar to the 27% positive biopsy rate found in the North American PCA3 repeat biopsy study [10] . Joniau et al [21] found 33.8% pCA at repeat biopsies in patients with HGPIN at first biopsy.
With regard to pCA detection, both the North American and the present study indicate that a PCA3 score cut-off of 35 provides an optimal balance between sensitivity and specificity. This cut-off may therefore identify men with an increased probability of having a positive repeat biopsy [10] . However, in clinical practice, urologists want to avoid unnecessary biopsies while minimizing the risk of missing significant cancers. In this dataset, a PCA3 score cut-off of 20 would reduce the number of repeat biopsies by 44% while missing only 12 (9%) cancers with a Gleason score of 7-8, of whom two were clinical stage T2 and one had >33% of cores positive for cancer-either parameter eliminating those cancers from Epstein's ''indolent'' criteria. At a PCA3 score cut-off of 35, 67% of biopsies would have been avoided, while 27 (21%) cancers with a Gleason score of 7-9 would have been missed. A total of seven of these were stage T2. In five cases, the percentage of positive biopsy cores was >33%. Therefore, a PCA3 score cut-off of 20 that still avoids 44% of unnecessary biopsies while missing only 12:128 (9%) of significant cancers may have the highest utility regarding the decision of whether the cancer found on repeat biopsy is clinically insignificant. This needs to be further evaluated in prospective clinical trials.
The development of a nomogram incorporating the PCA3 score and other diagnostic variables may further improve the predictive accuracy of the PCA3 score for its use in clinical practice. This study showed that the inclusion of the PCA3 score in a multivariable model significantly increased its predictive accuracy. The inclusion of the PCA3 score in nomograms should therefore be further evaluated.
It should be noted that a low PCA3 score indicates a low probability of cancer on biopsy but, as with most diagnostic tests, does not exclude pCA in the biopsy or a clinically significant pCA.
Conclusions
This European study in men with one or two previous negative biopsies shows that the PCA3 assay may aid in deciding which patients need a repeat biopsy. An increasing PCA3 score corresponds with an increasing probability of a positive repeat biopsy. In this study, the PCA3 score had greater diagnostic accuracy than %fPSA for predicting repeat prostate biopsy outcome, even at a sensitivity of 80-90%. The utility of the PCA3 score is independent of the number of previous biopsies, prostate volume, and total PSA. The PCA3 score may also be indicative of the significance of pCA.
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